affecting the differences in skeletal muscle development and adipogenesis between different chicken 36 breeds. These data can serve as a foundation for further study the functions and mechanisms of 37 miR-155 in the physiological and pathological contexts. 38 Abbreviations 40 MEF2A Myogenic enhancer factor 2A 41 BDNF Brain-derived neurotrophic factor 42 OLFML3 Olfactomedin-like 3 43 Ogn osteoglycin 44 3 C/EBPβ CCAAT/enhancer-binding protein β 45 CREB cAMP-response element binding protein 46 PPARγ peroxisome proliferator-activated receptor gamma 47 CCAAT/enhancer-binding protein β (C/EBPβ), cAMP-response element binding protein (CREB) and 61 peroxisome proliferator-activated receptor gamma (PPARγ) [13-15]. In addition, miR-155 also can 62 inhibit brown adipose tissue formation and reduce a brown adipocyte-like phenotype ('browning') in 63 white adipocytes in mice. miR-155 and C/EBPβ co-regulate the development of brown and 64 beige fat cells via a bistable circuit [16]. 65
Abstract: miR-155 is an important microRNA which has multiple functions in many 23 physiological and pathological processes. In this study, partial pri-miR-155 sequences were cloned 24 from AA + broiler, Sanhuang broiler and Hi-Line Brown layer, respectively. Stem-loop RT-qPCR was 25 performed to detect the miR-155 spatiotemporal expression profiles of each chicken breed. The results 26 showed that the partial pri-miR-155 sequences of different breeds of chicken were high conserved. The 27 expression patterns of miR-155 between broiler and layer were basically similar, and miR-155 is 28 expressed highly in immune related tissues. Interestingly, miR-155 expression activity had higher level 29 in fat tissue of the three chicken breeds (14-day-old), but it decreased significantly in fat of the Hi-Line 30
Brown layer (10-month-old and 24-month-old). In addition, the expression activities of miR-155 in 31 14-day-old broilers (AA + broiler and Sanhuang broiler) were significantly lower than that of Hi-Line 32
Brown layer (14-day-old) (P<0.05). Moreover, miR-155 expression activities in skeletal muscle of 33 14-day-old and 10-month-old Hi-Line Brown layer were also significantly lower than that of 34 24-month-old layer (P<0.05). The results indicated that miR-155 might be one of the important factors 35
Introduction 48
MicroRNAs (miRNAs) are a class of endogenous non-coding regulatory RNAs, which are 18-23 49 nucleotides in length and negatively regulate gene expression at the posttranscriptional levels. miRNAs 50 play critical roles in many biological processes, including cell proliferation, differentiation, 51 development and functions [1] [2] [3] [4] . Numerous studies have shown that miR-155 plays important roles in 52 the immune system and can affect the activation of B, T cell and lymphocytes through controlling 53 manifold regulatory roles [5-9]. Interestingly, the emerging evidences of miR-155 role in the 54 development of skeletal muscle and adipogenesis have been noticed recently. On the one hand, 55 miR-155 can repress the expression of MEF2A (a member of the myogenic enhancer factor 2 family of 56 transcription factors) and osteoglycin (Ogn, an important component of the skeletal muscle secretome), 57 and inhibit proliferation and differentiation of myoblast cells [10, 11] . Moreover, miR-155 also 58 regulates the expression of Olfactomedin-like 3 (OLFML3), which may affect prenatal skeletal muscle 59 development in pig [12] . On the other hand, miR-155 can inhibit adipogenesis by directly targeting 60 4 physiological roles of miR-155 in various tissues between different chicken breeds remain unknown. 67 Now, the poultry industry is facing several problems, including an increase in disease incidence, 68 abundant fat deposits and breed improvement. Therefore, an in-depth analysis of the miR-155 tissue 69 expression profiles in different chicken breeds could provide valuable references to address these issues. 70
It is generally known that there are wide differences on meat quantity and flavor, growth rate and 71 disease resistance between broiler and layer. In this study, three chicken breeds (AA + broiler, Sanhuang 72 broiler and Hi-Line Brown layer) were selected as study objects. AA + chicken and Hi-Line Brown 73 chicken are classical broiler and layer, respectively. Sanhuang chicken, as one breed of broiler, has 74 good meat quantity and flavor, and its production traits are between broiler and layer. We cloned and 75 analyzed partial pri-miR-155 sequences from the three chicken breeds, then analyzed the expression 76 profiles of miR-155 among the three breeds of chicken. We hope the results can provide references for 77 further understanding the functions and mechanisms of miR-155 in chicken. 78
Materials and methods 79

Ethics statement 80
The proposed study protocol was approved by the Institutional Animal Care and Use Committee 81 
Animals and samples collection 85
Sanhuang broiler (14-day-old), AA + broiler (14-day-old) and different days old Hi-Line Brown layers 86 (14-day-old, 10-month-old and 26-month-old) were all obtained from Harbin local poultry farm. 87
Tissue samples were obtained from the heart, liver, spleen, lung, kidney, thymus, large intestine, small 88 intestine, muscular stomach, glandular stomach, skeletal muscle, skin, brain, fat and bursa of all 89 chicken, then frozen in liquid nitrogen and stored at -80°C. Jolla, CA, USA). Differences were considered significant when P<0.05 or P<0.01. 138
Results and discussion 139
Sequence analysis 140
In this study, partial pri-miR-155 sequences of the three chicken breeds (AA + broiler, Sanhuang broiler 141
and Hi-Line Brown layer) were cloned and sequenced. Homologous comparison of sequencing results 142 revealed that the three partial pri-miR-155 sequences of each breed shared the same length sequence 143 (263bp), and no deletion or insertion event was detected between the different breeds (Fig.1) . The 144 flanking ssRNA segments are critical for processing pri-miRNA and the cleavage site is determined 145 mainly by the distance (about 11 bp) from the stem-ssRNA junction [17] . Since the partial pri-miR-155 146 sequences were identical between the three breeds, we speculated that the mechanisms of processing 147 pri-miR-155 in different chicken breeds were identical. 148
As we all know that the sequences of mature miR-155 from different species are highly 149 conservative. However, the homology relationships of pre-miR-155 sequences between 23 different 150 species showed differences (Fig. 2) . Homology analysis of pre-miR-155 revealed that chicken 151 pre-miR-155 was most similar to that of land mammals (over 92%) and birds, but not to that of 152 amphibians and fish (below 82%) (Fig. 2) . The results implied that chicken should also be a better 153 animal model to study the miR-155 for understanding functions and processing mechanisms among 154 8 different species. 155
RT-qPCR analysis of tissue distribution of miR-155 156
There are huge differences of growth characteristics between broiler and layer, such as growth speed, 157 egg production and meat flavor, etc. In this study, different chicken breeds were selected to analyze 158 tissue expression profiles, which could provide conveniences for finding the roles of miR-155 in 159 different tissues of chicken. The RT-qPCR results showed that miR-155 was expressed in all tissues 160 tested of the three chicken breeds, but the expression activity differed significantly between different 161 tissues. According to the value of relative expression activity, we divide it into three levels. In AA + 162 broiler (14-day-old), miR-155 was obvious differentially expressed in different tissues, with the 163 strongest expression (the value of relative expression activity is over 0.2) in the bursa; intermediate 164 expression (the value of relative expression activity is between 0.1 and 0.2) in the spleen; low 165 expression (the value of relative expression activity is below 0.1) in the heart, liver, lung, kidney, 166 brain, skeletal muscle, muscular stomach, thymus, skin, small intestine, large intestine, glandular 167 stomach, fat and blood (Fig. 3a) . In Sanhuang broiler (14-day-old), the expression profile also 168 presented significant differences, with the strongest expression (the value of relative expression activity 169 is over 0.2) in the thymus; intermediate expression (the value of relative expression activity is between 170 0.1 and 0.2) in the spleen, bursa and fat; low expression (the value of relative expression activity is 171 below 0.1) in the other tissues (Fig. 3a) . In Hi-Line Brown layer (14-day-old), the expression profile 172 also presented significant differences, with the strongest expression (the value of relative expression 173 activity is over 0.2) in the bursa; intermediate expression (the value of relative expression activity is 174 between 0.1 and 0.2) in the spleen and thymus; and low expression (the value of relative expression 9 of the strongest and intermediate expression were thymus and spleen, respectively, and other tissues 177 were all the low expression ( Fig. 3b) . In Hi-Line Brown layer (24-month-old), the tissue of strongest 178 expression was only the thymus, and other tissues were all the low expression ( Fig. 3b) . 179
According to the tissue transcription profile analysis of the different breeds of the same age chicken 180 (14-day-old), we found that there was a fundamental similarity of miR-155 relative expression activity 181 in different tissues and organs between the three chicken breeds. For example, miR-155 expression 182 activities were all the strongest expression in the immune-associated tissues (such as bursa, spleen and 183 thymus) between different chicken breeds. As we all know that the spleen, thymus and bursa are the 184 primary lymphoid organs of the chicken immune system. The suitable explanation for this is that 185 miR-155 expression may be related to the biological activities or development of these tissues. 186
However, the differences of miR-155 expression activity in immune-associated tissues between AA + 187 broiler, Sanhuang broiler and Hi-Line Brown layer may be related to the different breeds. Interestingly, 188
we found that the miR-155 expression activity of fat tissue had higher level in the three chicken breeds 189 ( Fig. 3a) . Studies have shown that miR-155 can inhibit adipogenesis [13-15], whether the miR-155 190 high expression in fat is related to the less fat deposition of chicken remains to be further studied. 191
In order to study whether the miR-155 expression is related to development of chicken, the tissue 192 expression profiles were analyzed in different development stages (14-day-old, 10-month-old and 193 24-month-old) of the same breed (Hi-Line Brown layer). The expression activities of miR-155 in 194 spleen and thymus were worthy of attentions. The expression activities of miR-155 in thymus always 195 kept the strongest expression during different development stages, but the expression activities of 196 miR-155 in spleen decreased significantly in 24-month-old chicken. The possible reason is that the 197 expression of miR-155 maybe related to organ function and characteristics at different developmental 10 stages. It is worth mentioning that the expression activities of miR-155 in fat tissues decreased 199 significantly in 10-month-old and 24-month-old layers (Fig. 3b ). Whether it is related to the fat 200 deposition of chicken at these stages also remains to be further studied. 201
An interesting question that is easily overlooked is that the expression patterns of miR-155 in 202 skeletal muscles of different chicken breeds (14-day-old). Although all miR-155 had low expression 203 activity in skeletal muscle, we found that the expression activities of miR-155 in 14-day-old broilers 204 (AA + broiler and Sanhuang broiler) were significantly lower than that of 14-day-old Hi-Line Brown 205 layer ( Fig. 3c ). Since miR-155 can inhibit myoblast differentiation and skeletal muscle formation [10, 206 11], whether the low expression of miR-155 is related to the rapid growth of broilers needs to be further 207 studied in the future. 208
By comparing the expression activities of miR-155 in skeletal muscle at different developmental 209 stages, it was found that miR-155 had low expression activity in 14-day-old and 10-month-old chickens, 210 but increased in 24-month-old chicken significantly (P<0.05) (Fig. 3d) . A reasonable explanation is that 211 the low expression activity of miR-155 can promote skeletal muscle development in 14-day-old and 212 10-month-old chickens, while the skeletal muscle of 24-month-old chicken has stopped developing, so 213 miR-155 expression activity is increased to inhibit skeletal muscle growth. Regretfully, we do not 214 know whether the strongest expression of miR-155 in the immune tissues is related to chicken 215 immunity status, high expression of miR-155 in the fat is related to chicken fat deposit or meat quantity 216 and flavor, and low expression in muscular tissues is involved in the development of muscle, which are 217 needed to further study in the future. 218
In conclusion, we cloned the partial pri-miR-155 sequences from broiler and layer, and found the 219 partial pri-miR-155 sequences were high conserved in different breeds. Expression profile analysis of 220 miR-155 showed that layer and broiler had the basically similar expression pattern, and miR-155 was 221 expressed highly in immune related tissues of different breeds of chicken. It worth mentioning is that 222 expression activity of miR-155 shows significant differences in skeletal muscle and fat tissue of 223 different chicken breeds and development stage chicken. The study shows that different-breed chickens 224 are ideal models for study the function and characteristic of miR-155. 225
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